spleen, stomach, intestine, and half of the longitudinally bisected brain were immersed in 10% neutral buffered formalin for fixation. The remaining half of the brain was submitted for microbiologic investigation. The formalin-fixed tissues were routinely processed for histologic examination, and resultant sections were stained with hematoxylin and eosin (HE). ll Sections of brain were also stained by the Giemsa, Brown and Brenn (BB), Brown and Hopps (BH), Gömöri's methenamine silver (GMS), and periodic acid-Schiff (PAS) techniques. ll Microscopically, lesions in the mixed-breed and Brittany spaniel puppies were limited to the brain and were similar in the 5 animals ( Figs. 1-4 ). There was nonsuppurative meningitis and severe multifocal necrotizing panencephalitis. The cerebral cortex was the most severely affected area. The lesions were characterized by meningeal and perivascular infiltrates of lymphocytes and macrophages and focally extensive areas of randomly distributed necrosis. Necrotic areas contained numerous macrophages, small numbers of neutrophils, and occasional degenerate neurons. Viral inclusions were not noted. Giemsa-, BB-, BH-, GMS-, and PAS-stained sections of brain were devoid of bacteria, protozoa, and fungi.
No bacterial pathogens were isolated from the mixed-breed or Brittany spaniel puppies. However, a virus was isolated from the composite brain tissue homogenate of each of the 5 puppies. The viral isolates produced a cytopathic effect on initial passage in Crandell feline kidney (CFK) cells, and infected cell cultures tested negative in indirect fluorescent antibody (IFA) tests using canine distemper virus a and eastern (EEE) and western (WEE) equine encephalomyelitis antisera b and antispecies conjugates. c The viral isolates were stored at -50 C.
The virus isolated from the mixed-breed puppies was submitted for identification to the James A. Baker Institute for Animal Health, where preliminary test results suggested the agent was a togavirus or bunyavirus. Three-day-old mice were killed by the virus in 48 hours. Subsequent plaque reduction neutralization tests for arboviruses 5 were performed at the Yale Arbovirus Research Unit. The antibodies used in these tests were mouse ascitic fluids produced in Swiss outbred mice that received 4 weekly intraperitoneal inoculations of equal parts of infected 10% mouse brain and Freund's complete adjuvant. The ascitic fluids were taken 1 week after the last inoculation. The virus was identified as LACV, a member of the California serogroup of the family Bunyaviridae (Table 1) .
At the VDIL, the virus isolated from the Brittany spaniel The mixed-breed dam and her surviving puppy were lost
The four surviving Brittany spaniel puppies never exhibto follow-up. The Brittany spaniel dam and 1 of her surviving ited any signs of illness and were clinically normal at 1 month puppies had a low level of serum neutralizing antibody (1: of age when presented to the veterinarian for routine ex-32) to LACV. All of the Brittany spaniels were serologically amination. In a follow-up inquiry made when the puppies negative for antibody to EEE and WEE.
were 9 weeks of age, the owner reported that the animals appeared healthy and were active and growing well. These dogs had been whelped and raised in a partially covered pen constructed of a concrete slab enclosed by wire and chainlink fence. The animals did not contact the environment outside the pen. The owner stated that water had collected in low areas approximately 11.9 m from the pen because of heavy rains, and mosquitoes had been extremely abundant in the area. This history is consistent with the arboviral mode of transmission of LACV.
LACV was first isolated in 1964 from the encephalitic brain of a child who died in a La Crosse, Wisconsin, hospital.10 This virus is currently recognized as a major cause of arboviral encephalitis of humans in the United States. 1 LACV and its primary mosquito vector, Aedes triseriatus, are widely distributed in the central and eastern United States. 2,3 Aedes triseriatus is a woodland mosquito that breeds in standing water such as can be found in basal tree holes and abandoned tires. 4 In these sites, the virus may overwinter in transovarially infected ova. LACV is maintained and amplified in a sylvatic cycle involving small woodland mammals, particularly chipmunks and squirrels. 12 Human cases of LACV encephalitis generally occur as individual events in endemic foci; no epidemics have been documented. 10 Cases from southern endemic foci in the United States typically occur from May through November, 10 a time which corresponds with feeding activity of the mosquito vector. Over 90% of the cases of LACV encephalitis occur in children 15 years of age or younger. 1 Persons living in rural or suburban wooded areas endemic for LACV are at highest risk for infection. 1 The fatality rate for LACV encephalitis in humans is < 1%; however, convulsions occur in 50% of cases during acute illness. 15 Prior to 1982, only 3 human cases of LACV encephalitis had been diagnosed in Georgia. In 1982, 8 cases, all nonfatal, were diagnosed in Georgia children, indicating for the first time that LACV is endemic in this state. 14 The onset of these 8 cases occurred from May 1 through August 30.
The outcome of infection with California serogroup viruses is strongly influenced by the age of the host, and age-related susceptibility to LACV encephalitis has been demonstrated experimentally in rodents. In chipmunks (natural hosts of LACV), adults develop an inapparent infection, whereas subcutaneously inoculated newborns die of encephalitis. Sub-cutaneous inoculation mimics the natural route of infection used by arboviruses and in newborn mice is followed by virus replication within skeletal muscle. Subsequent viremia carries LACV to the central nervous system, where massive necrosis results from virus replication in neurons and glial cells. LACV kills suckling mice in 3-4 days. 7 Puppies seem to be more susceptible than adult dogs to experimentally induced LACV encephalitis. 6 In humans, LACV produces an acute encephalitis that involves mainly the cerebral cortex and is characterized by scattered glial nodules, mononuclear perivascular cuffs and leptomeningitis, and occasional areas of focal necrosis. 9 The pathology of LACV encephalitis in humans is considered mild in comparison to the more frequently fatal EEE and is in marked contrast to the severe necrotizing lesions present in the puppies of this report and in puppies experimentally inoculated with LACV. 6 Although dogs are considered refractory to disease caused by EEE virus, 8 encephalitis due to EEE virus has been diagnosed in young dogs (3-7 months of age) submitted to the VDIL. 13 Infection with EEE virus in these dogs was fatal and produced a necrotizing encephalitis similar to that caused by LACV in the puppies of this report. Canine EEE lesions may contain more neutrophils than those associated with LACV.
This report is the first documentation of clinical illness and death in a species of domestic animal naturally infected with LACV. Arbovirus infection should be considered a potential cause of sporadic encephalitis and death in dogs from geographic areas endemic for LACV and EEE virus, particularly when environmental conditions are favorable for vector amplification. Outdoor dogs living in rural areas where the incidence of exposure to mosquitoes is increased are the most susceptible to infection. Natural infections with these viruses typically are seasonal and produce necrotizing encephalitis in young dogs. Neonatal puppies may be at increased risk for fatal encephalitis associated with LACV infection. In puppies that survive the acute encephalitic phase of the infection, evaluation of acute and convalescent serum titers to LACV may help establish an etiologic diagnosis. script. The plaque reduction neutralization studies reported here were sponsored by the National Institutes of Health grant A1 10984, U.S. Army grant DAMD 17-8767005, and the World Health Organization.
